O ut-of-hospital cardiac arrest (OHCA) is a global public health problem annually affecting more than 350 000 individuals in the United States and 123 000 in Japan. 1, 2 Mortality after OHCA is high despite intensive international efforts (eg, International Consensus on Cardiopulmonary Resuscitation and Emergency Cardiovascular Care Science With Treatment Recommendations) to improve patient outcomes. 3 The pediatric population constitutes a particularly vulnerable segment of patients with OHCA, and the public health burden of pediatric OHCA remains high because of the greater number of lost years of productivity per individual. 4 Layperson cardiopulmonary resuscitation (CPR) is a part of the "chain of survival" and plays an essential role in OHCA care. 5, 6 Although resuscitation guidelines for adults and children recommend the provision of layperson CPR, [6] [7] [8] [9] 50% of patients with emergency medical services (EMS)-treated OHCA receive layperson CPR in the United States and Japan, suggesting an opportunity to further disseminate and implement this critical intervention. 10, 11 Therefore, it is important to understand the underlying obstacles of providing layperson CPR. A few studies have showed that female adults with OHCA were less likely to receive layperson CPR than male adults. 12, 13 However, any sex differences in receiving layperson CPR in a pediatric population remain unknown.
To address this knowledge gap, we analyzed the All-Japan Utstein Registry. 11, [14] [15] [16] We tested the main hypothesis that receiving layperson CPR differs between patient sexes in the pediatric population. We also tested our subhypotheses that (1) there are interactions between patient sex and age and between patient sex and witnesses on receiving layperson CPR; and (2) patient survival and functional outcomes differ between patient sexes.
Methods
The data, analytic methods, and study materials will not be made available to other researchers for purposes of reproducing the results or replicating the procedure.
Study Design, Setting, and Participants
We conducted a secondary analysis of the All-Japan Utstein Registry of the Fire and Disaster Management Agency, a prospective, nationwide, population-based registry system of OHCA that includes the entire population of Japan. The details of this registry have been previously reported elsewhere 11, [14] [15] [16] This study included pediatric patients (≤17 years) with layperson-witnessed OHCA on whom EMS attempted resuscitation from 2005 through 2015, with subsequent transport to hospitals. We defined cardiac arrest as lack of cardiac mechanical activity confirmed by lack of clinical evidence of blood circulation. [17] [18] [19] We defined attempted resuscitation as shock delivery with external defibrillators (by laypeople or EMS personnel) or chest compression by EMS personnel. [17] [18] [19] We excluded EMS-witnessed arrest, unwitnessed arrest, and OHCA with unknown age, unknown witness status, unknown first documented rhythm, and unknown layperson CPR. The EMS system in Japan has been previously described elsewhere. 11, [14] [15] [16] 
Outcome Measurements
The primary outcome was receiving layperson CPR. Secondary outcomes included 1-month survival and favorable functional status at 1 month, defined as Cerebral Performance Category scale 1 or 2.
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Clinical Perspective
What Is New?
• In a nationwide cohort study of 4525 pediatric patients with layperson-witnessed out-of-hospital cardiac arrest in Japan, female patients received layperson cardiopulmonary resuscitation more often than male patients, although the sex difference did not persist after adjustment for covariates.
What Are the Clinical Implications?
• The finding suggests the importance of public health efforts to increase provision of cardiopulmonary resuscitation for patients of both sexes.
Statistical Analysis
First, we reported patient characteristics, stratified by sex. We presented continuous variables with both median and interquartile ranges and categorical variables with proportion. We performed Wilcoxon rank-sum tests for continuous variables and chi-squared tests for categorical variables to examine sex differences in patient characteristics. Second, we reported sex differences in proportions receiving layperson CPR and stratified by type of layperson CPR: chest compression-only CPR and conventional CPR. We also stratified sex differences in proportions receiving layperson CPR by characteristics of witnesses: family versus nonfamily. Nonfamily included friends, colleagues, passersby, and others. EMS personnel who resuscitated patients recorded characteristics of witnesses. We performed chi-squared tests to examine sex differences in proportions of receiving layperson CPR across types of layperson CPR.
Third, we fitted univariable and multivariable logistic regression models to predict sex differences in receiving layperson CPR. In the multivariable regression models we included age group (infants [0 year], children [1-11 years] , and adolescents [12-17 years] ), time of day of arrest (daytime/night), 21 year, 14 witnesses, and dispatcher CPR instruction 22 as covariates. We included these covariates because these variables potentially affect provision of layperson CPR. 14,21,22 Additionally, we fitted regression models with the same covariates and 2 interaction terms between patient sex and age groups and between patient sex and witnesses to evaluate effect of patient sex on receiving layperson CRP across age groups and witnesses. We reported ORs with 95% CIs. We stratified the regression models by age groups: infants (0 year), children (1-11 years), and adolescents (12-17 years). 23 We also performed stratified analysis by witnesses (family or nonfamily) and repeatedly fitted univariable and multivariable regression models with the same covariates. We next employed multivariable logistic regression models to predict sex difference in secondary outcomes: 1-month survival and favorable functional status at 1 month. These models adjusted for age, first documented rhythm, etiology, dispatcher CPR instruction, public automated external defibrillator shock delivery, layperson CPR, and EMS response time (interval from call to EMS arrival). We chose the covariates in the regression models a priori, based on their association with outcomes, biologic plausibility, and adequate ascertainment. 7, 8, 10, [21] [22] [23] [24] All statistical analyses were performed using SPSS statistical package version 25.0J (IBM Corp, Armonk, NY). All tests were 2-tailed, and P<0.05 was considered statistically significant.
Confirmed cardiac arrest

Results
A total of 1 299 784 OHCAs occurred during the study period, of whom 18 639 pediatric OHCA patients had resuscitation attempts by EMS personnel (Figure 1 ). After excluding those who met the exclusion criteria, 4525 patients with OHCA were eligible for our analyses. Table 1 demonstrates patient characteristics by sex. Female patients were more likely to be younger, be witnessed by family, and to have nonshockable rhythm.
We reported unadjusted association between patient sex and receiving layperson CPR in Table 2 In multivariable analyses female patients were more likely to have received layperson CPR in arrest witnessed by family (adjusted OR=1.30; 95% CI 1.09-1.54) ( Figure 2B ), whereas there were no significant sex differences in overall laypersonwitnessed OHCA (adjusted OR=1.14; 95% CI 0.996-1.31) and in arrests witnessed by nonfamily (adjusted OR=0.88; 95% CI 0.70-1.11) (Figure 2A and 2C) . The interaction between patient sex and witnesses was significant (P-value for interaction=0.038). After stratifying by age group in overall layperson-witnessed arrest, female children (1-11 years) received layperson CPR more often than male children (adjusted OR=1.41: 95% CI 1.14-1.73) (Figure 2A ). Male adolescents (12-17 years) tended to receive layperson CPR more often than female adolescents without statistical significance (adjusted OR=0.87: 95% CI 0.67-1.12) (Figure 2A ). The interaction between patient sex and age group was not significant (P-values for interaction=0.894). In arrest witnessed by nonfamily, male infants (0 year) and adolescents (12-17 years) received layperson CPR more often than female infants and adolescents, although there was no statistical significance ( Figure 2C ). We found that 18.9% (315/1669) of female and 17.8% (507/2856) of male patients had 1-month survival (Table 3) . After adjustment for covariates, there was no association between patient sex and 1-month survival (adjusted OR for female patients=1.19; 95% CI 0.997-1.42). We found that 7.2% (120/1669) of female and 8.1% (230/2856) of male patients had favorable functional outcomes. After adjustment, there was no association between patient sex and favorable functional status at 1 month (adjusted OR for female patients=1.29; 95% CI 0.98-1.71). Among adolescents, female sex was associated with favorable survival and functional outcomes.
Discussion
This observational study with a prospective, nationwide, population-based registry including over 4500 pediatric patients with OHCA in Japan showed that female patients with layperson-witnessed OHCA received layperson CPR more often than male patients, but there was no significant difference between patient sexes after adjustment for potential confounders. To our knowledge this is the first evaluation of sex differences in receiving layperson CPR among pediatric patients with OHCA, using a large data set.
An observational study using a nationwide OHCA registry in Denmark reported that female patients were less likely to receive layperson CPR than male patients among those who were ≥12 years old (median age; 72 years) and had EMStreated OHCA of cardiac cause (female 25.9% versus male 32.9%, P<0.001).
12 Another observational study using the Resuscitation Outcomes Consortium, a multicenter OHCA registry in North America, showed that adult men received layperson CPR in public locations more than women (adjusted OR=1.27; 95% CI 1.05-1.53) after adjustment for race, age, Resuscitation Outcomes Consortium sites, time of arrest, witness status, and EMS response time. 13 In addition to the current knowledge from prior studies in adults with OHCA, we introduced important findings in regard to sex characteristics in receiving layperson CPR among a pediatric population. In overall layperson-witnessed arrest, male adolescents tended to receive layperson CPR more often than female adolescents, although the difference was not statistically significant. This implies that adolescents have similar findings to adults; ie, female adults with OHCA were less likely to receive layperson CPR than male adults. 12, 13 We observed that male patients who were witnessed by family received layperson CPR less often than female patients (46.9% versus 52.4%, P=0.005), whereas among those who were witnessed by nonfamily, male patients tended to receive layperson CPR more often (46.6% versus 44.0%, P=0.32), a difference without statistical significance. Although this is an important finding, the underlying reasons for this difference are unclear, and further investigation is needed to understand the difference and increase provision of layperson CPR. Such work might include a qualitative approach, interviewing witness laypeople to extract the reason why CPR was or was not provided.
In overall layperson-witnessed cardiac arrest, we did not find significant sex differences in 1-month survival and favorable functional status at 1 month. An observational study using the Resuscitation Outcomes Consortium reported a rate of survival to hospital discharge of 10.2% without significant sex difference in 1738 pediatric patients with EMS-treated OHCA (adjusted OR for male patients=0.73; 95% CI 0.44-1.21). 23 Similarly, another observational study using the Cardiac Arrest Registry to Enhance Survival, a national prospective voluntary registry of OHCA in the United States, demonstrated survival to hospital discharge rate of 8.2% without significant sex difference in survival to hospital discharge (adjusted OR for female patients=0.82; 95% CI 0.59-1.14) and survival to hospital discharge with favorable neurologic outcome (adjusted OR for female patients=0.87; 95% CI 0.60-1.27) among 1980 pediatric patients with EMS-treated OHCA of presumed cardiac origin. 24 Survival in our study was higher than that shown in prior reports, although direct comparison is not applicable because of differences in outcomes (ie, survival to hospital discharge in prior studies and 1-month survival in our study) and study populations (ie, EMS-treated OHCA in prior studies and layperson-witnessed EMS-treated OHCA in ours).
Our results expand the findings in North America to another healthcare setting, using a larger sample size. A recent metaanalysis of adult OHCA reported favorable outcomes in female patients. 25 In the adult population biological sex difference such as female hormones was considered as 1 potential reason for favorable outcomes in female patients. 26, 27 Favorable survival and functional outcomes in adolescent female patients in our study may reflect these findings from prior adult studies. Our study has several clinical and public health implications. First, the observed sex differences in receiving layperson CPR should be a target of quality improvement efforts at the community level to increase the provision of layperson CPR for pediatric OHCA. Second, our results justify further efforts to identify underlying reasons for this observed sex difference in receiving layperson CPR. Such factors may include sex discordance in providing and receiving CPR (ie, sex difference in CPR providers and patients may affect provision of layperson CPR).
Limitations
Our study has several limitations. First, there may have been unmeasured factors that confounded our results (eg, sex of layperson CPR providers). Second, our inference may not be fully generalizable to other healthcare settings, given the differences in patient characteristics and medical care systems. Third, in this data set, the sex of layperson CPR providers was not available, and we were unable to assess the effect of sex discordance and concordance between CPR providers and patients on receiving layperson CPR. Last, as with all epidemiological studies, data integrity, validity, and ascertainment bias are potential limitations. The use of uniform data collection based on the Utstein-style guidelines for reporting cardiac arrest, large sample size, and a population-based design to cover all OHCA in Japan were intended to minimize these potential biases.
Conclusions
In this analysis of a prospective, nationwide, population-based registry system of OHCA in Japan, receiving layperson CPR tended to be different between patient sexes, although there was no significant sex difference after adjustment for covariates. Witnesses impacted sex difference in receiving layperson CPR. Public health efforts to improve the provision of layperson CPR in pediatric patients should increase interventions for both sexes.
